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Abstract 
A project about nuclear safety was carried out through e-learning.  It was a problem based learning (PBL) 
activity that took place in Second Life (SL), an online three-dimensional community. The virtual classroom 
was built on an island owned by Nagaoka University of Technology, Japan.  Three students from a high school 
near Clarkson University participated in this project.  A teacher gave them a short lesson about nuclear energy 
safety and then proposed the problem. The students understood the contents very well and solved the problem 
through voice chat interactions in SL.  They engaged in active discussions and displayed high interest for the 
safe use of nuclear energy throughout this successful project.  The results clearly indicate that this type of PBL 
class is possible for actual e-learning about nuclear safety and for engineering education.        
© 2013 The Authors. Published by Elsevier B.V.  
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1. Introduction 
     There is great concern about nuclear energy safety.  Today nuclear energy is a very important form of 
energy. However if serious problems occur, then radiation from nuclear reactors can cause much damage. An 
important example is the huge earthquake that hit the east part of Japan on March 11, 2011. Along with it came 
the worst nuclear disaster ever for Japan, the tragic trouble at the Fukushima nuclear power plants.  What could 
be done to halt the spread of radiation? What could be done to contain the radioactive materials?  What 
processes could be used for restoration and recovery?  From the viewpoint of engineering education, our 
present and future engineers must be prepared to address and answer questions such as these.  Engineers should 
know the difference between what is safe and what is not safe for nuclear energy.  Also they should inform the 
general public about this information.   
      Engineering education is very important because we depend on engineers to detect and creatively solve the 
challenging problems of our ever changing world. The authors have been involved with Japanese higher 
education in engineering for many years. They have developed a Problem Based Learning (PBL) Model for e-
learning and have successfully used it for engineering education projects, including this one about nuclear 
safety.   
      PBL provides students with challenging, ill-structured problems that relate to their daily lives [1]. The 
students receive guidance from their teachers and work cooperatively in a group to seek solutions to the 
problems. For this project, a student team from the US solved a problem about nuclear safety in Second Life 
(SL), an online three-dimensional community. The activities took place on a virtual island owned by Nagaoka 
University of Technology, Japan. Students met in a virtual classroom that resembled those seen in real life, 
with items such as tables and chairs. This arrangement gave the team members a sense of reality. Also their 
teacher presented the PBL material on a big screen in the virtual classroom by using Power Point slides.    
The authors have previous experience of successfully carrying out problem based learning activities in the 
virtual world [2 - 4].  Since PBL has been very useful in real classrooms, they wondered if it would be an 
effective teaching tool in Metaverse.  To find out, they tried a Pilot Study in 2009 for a PBL project in the 
virtual world.  This project was carried out in Second Life by student teams from the US and Japan in virtual 
classrooms owned by Nagaoka University of Technology (NUT). Each team worked independently on the 
same PBL project.  They received guidance from their teachers. The student teams were asked to solve the 
following problem.  What will the typical house look like in the near future, during the global warming era?  
The participants from both Countries enjoyed and successfully completed this project.  They communicated 
using the chat function and built their houses of the future with prims.  The US house was a dome-shaped 
structure with solar panels on the roof and a floor made of synthetic wood to preserve the Earth’s trees. Japan’s 
team built an energy efficient dome-shaped house with a ceiling that automatically opened so that cool breezes 
could flow through it.  The results of the Pilot Study clearly indicated that this kind of PBL class was possible 
for actual e-learning in engineering education.  Therefore, the researchers pursued their studies with two other 
successful PBL projects (The Virtual Eco Car Project by the US team and The Nuclear Energy Safety Project 
in Metaverse by the Japan team). The results of both projects were published by Springer and presented by the 
authors at an International Conference in Gifu, Japan, during the month of May 2012 [5 - 6].  This Conference 
was about Intelligent Interactive Multimedia Systems and Services.  
 
 
2. Details of the Nuclear Safety Project 
     This project took place in SL on an island owned by Nagaoka University of Technology (NUT) in Japan.  
Researchers at the University built virtual buildings containing virtual classrooms for the nuclear safety project 
and other e-learning activities. The classrooms included red chairs, tables, a podium, whiteboards, and a 
recording box to collect chat dialogues. A team of three US students (16 years old and older) was set up to 
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carry out the nuclear safety project. Figure 1 shows a typical classroom in the virtual world. The participants 
were prepared in advance to perform the various functions needed in SL. To start, they registered and named an 
avatar to perform activities on behalf of them. The students made their avatars move by using tasks such as 
walking, running, and flying.  They used the teleport function to transport their avatars to different locations in 
SL.  Also the team members held discussions and made decisions (in the virtual classroom) by using the voice 
(speech) function available in SL.  For this application they had microphones (for speaking) and headsets (for 
listening) hooked up to their computers.  It is true that various communication tools exist such as Skype and 
video conferences.  However, since our projects took place in SL, the authors decided to use the 
communication options already available in SL. For our previous projects the chat (text message) function in 
SL was used.  Since this communication tool was difficult for some of the participants, the authors told the 
students to use the voice (speech) function available in SL for this project. The US instructor Barry used the 
voice (speech) function to carry out the nuclear safety project with her students.  They met in the virtual 
classroom, where Barry gave a forty minute Power Point presentation.  Her lecture consisted of several 
components.  She introduced the topic by mentioning the importance of nuclear energy. Then she described the 
tragedy at Japan’s Fukushima power plants caused by a big earthquake and huge tsunami in March 2011. The 
instructor told her students that the US and other countries could experience similar problems because they rely 
on nuclear energy. Next she discussed radiation types and their penetrating power. See Figure 2.  Also 
information was provided about an individual’s daily exposure to radiation from space, food, and other sources.  
        
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   Fig. 1. US students sitting in a virtual classroom. 
 
 
Fig. 2. The US instructor examines the chart of radiation types. 
 
1357 Dana M. Barry et al. /  Procedia Computer Science  22 ( 2013 )  1354 – 1360 
      Another part of this lecture emphasized protection from radiation. Important points were made. 1.  It is 
essential to have a shield between the individual and the source of radiation. 2.  The shielding capability 
depends on the materials used for the shield.  3.  The further away an individual is from the source of radiation, 
the lower the dose.  The dose rate is inversely proportional to the square of the distance.  4.  Also the dose 
decreases as the amount of time near the source of radiation decreases.  The dose volume equals the dose rate 
times time. 
      The teacher stressed the importance of the material used to make the shield. She gave the students an 
equation to calculate a material’s shielding capability from radiation. See Figure 3. The group did a sample 
calculation together in the virtual classroom. Then the following problem was proposed.  What kind of metals 
can effectively protect human beings from radiation? The students calculated the shielding effects of copper 
and aluminum and compared the results.  They also determined the effect of thickness on shielding.  See Figure 
4.  It should be mentioned that a Japan team carried out a Nuclear Safety project last year.  Recently they 
invited author Barry to carry out a similar project with a US team.  Both teams used some of the same Power 
Point slides.  However their lessons and mode of communication differed.  This paper describes the US team’s 
experience.  
 
 
 
Fig. 3. Equation for use in determining the shielding effect of various materials. 
 
      The students quickly and correctly solved these problems as a team by using calculators and voice chat.  
The teacher and students verbally discussed the quantitative answers and their scientific implications for 
nuclear safety. They learned that copper is a better shield than aluminum.  Also they showed mathematically 
that a thicker shield can reduce the radiation (penetration) intensity.  Their calculations for copper shields of 
various thicknesses provided the following results.  The copper shield that was 2 cm thick had a radiation 
(penetration) intensity of 0.019 while the shield with a thickness of 0.1 cm had a penetration intensity of 0.820.  
By increasing the shield thickness by 20 times the value of 0.1 cm, the radiation (penetration) intensity can be 
decreased to about 1/43rd the value of 0.820. The team also calculated the required thickness of a copper shield 
to decrease the radiation (penetration) intensity by 50%. Through this PBL class the students obtained 
knowledge about the dangers and safe use of nuclear energy.  They concluded that nuclear energy is safe when 
the shield material is appropriate and thick enough to decrease the radiation (penetration) intensity to 
acceptable levels. As a result of this PBL activity, the US group is confident that they can determine safe shield 
requirements by solving equations and using special handbooks to obtain decay coefficients of various 
materials. 
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Fig. 4. US students perform calculations using different thickness values for shields. 
 
 
3. Project Results 
 
The US team successfully completed the nuclear safety project. To obtain more information about this Problem 
Based Learning (PBL) activity, each student was asked to complete two questionnaires. Questionnaire (Part 1) 
and the US results for this questionnaire are provided. 
 
Questionnaire (Part 1) 
 
1. Did you enjoy your overall activity? 
#1: Very much  #2: Pretty much  #3: Neutral,  #4: Not so much  
#5: Not at all 
2. Did you communicate with other colleagues and the teacher effectively? 
 #1: Very much  #2: Pretty much  #3: Neutral,  #4: Not so much  
#5: Not at all 
3. Did you feel that the discussion was easy? 
#1: Very much  #2: Pretty much  #3: Neutral,  #4: Not so much  
#5: Not at all 
4. Did you feel that the use of the tablet was easy?   
#1: Very much  #2: Pretty much  #3: Neutral,  #4: Not so much  
#5: Not at all 
5. Did you understand the contents of the lecture? 
#1: Very much  #2: Pretty much  #3: Neutral,  #4: Not so much  
#5: Not at all 
6. What was the easiest?   
#1: Avatar’s movement  #2: Discussion  #3: Sketch   
#4: Teleport   #5: other (                     ) 
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7. What was the most difficult? 
#1: Avatar’s movement   #2: Discussion   #3: Sketch   
#4: Teleport   #5: other (                     ) 
8. Was your teacher friendly to you? 
#1: Very much   #2: Pretty much   #3: Neutral, #4: Not so much  
#5: Not at all 
9.  Do you want to join such a project again in the future? 
#1: Very much  #2: Pretty much  #3: Neutral,  #4: Not so much  
#5: Not at all 
10.   Are you interested in nuclear safety more than before? 
#1: Very much   #2: Pretty much   #3: Neutral,   #4: Not so much  
#5: Not at all 
 
11.  Please write your impressions, ideas, etc. freely. 
 
 
      Students’ answers are provided and discussed.  As for question 1, all of the team members enjoyed the 
activity. They said the teacher was very friendly (question 8) and that they would very much like to join such a 
project again in the future (question 9).  Overall the students seemed to have more interest in nuclear safety 
than before (question 10). 
       The students gave positive responses for communicating effectively (question 2) and for easy discussions 
(question 3). Voice chat was used for this project. The students felt more relaxed speaking.  Also this method 
was faster than using chat text messages.  All of the participants understood the contents of the lecture very 
well (question 5).  Their teacher spoke loudly, clearly, and with enthusiasm for the topic.  She emphasized 
certain words and asked the students several times if they had any questions. 
        Everyone felt that the tablet was easy to use when it was hooked up to their computer (question 4).  
However, its intended purpose was for writing and sharing information at a website in Japan.  The students 
found it difficult to write equations properly with the pen and tablet (Bamboo tablet, Wacom Company) at this 
location, so Japan’s website was not used.  They said the easiest tasks were the avatar’s movement and 
discussion (question 6), while the teleport function and some computer problems were the most difficult 
(question 7).     
 
 
4. Conclusions 
 
     The US students learned about nuclear energy safety through e-learning.  They successfully carried out a 
PBL activity in Second Life using the voice chat (speech) function available in SL.  The participants met in a 
virtual classroom (owned by Nagaoka University of Technology, Japan) and listened to the instructor’s Power 
Point presentation.  They understood the lecture very well.  Their teacher spoke loudly, clearly, and with 
enthusiasm for the topic.  She emphasized certain words and asked the students several times if they had any 
questions.  Everyone engaged in active discussions and displayed high interest for the safe use of nuclear 
energy. 
      In previous e-learning activities, the students communicated using the chat (text message) function 
available in SL. It worked but some of the participants found it difficult to use.  They had to think and type fast 
and be careful about spelling errors. Also they had to be aware of other chat messages and read them quickly 
before they disappeared.  The results of this project confirm that the students were more relaxed speaking than 
writing.  By using voice chat they could easily communicate with each other and express human emotions such 
as excitement. 
    During this project the participants made calculations to determine what kind of metals can be effectively 
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used for protective shields from radiation.  Also they found out the effect of thickness on shielding.  Now the 
US team has a better understanding of what is safe and what is not safe for nuclear energy. These results clearly 
indicate that this type of PBL class is possible for actual e-learning about nuclear safety and for engineering 
education. 
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